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bstract

The role of carrion in food webs is governed by complex competitive interactions among a wide range of taxa. Although
his competition is known to be influenced by several biotic and abiotic factors, relatively few data are available from highly
ltered landscapes. We investigated the fate of mouse carcasses in an intensively farmed region in Indiana, USA, using remote
ameras. Vertebrates removed 234 of 266 (88%) carcasses within two weeks after placement. Raccoons (Procyon lotor) and
irginia opossums (Didelphis virginiana) were the predominant scavengers, removing 184 of 197 (93%) carcasses for which
scavenger could be identified. Air temperature influenced carcass removal by vertebrates only at higher temperatures, with

ewer carcasses removed as temperatures increased over ∼22 ◦C. Elevated densities of mesopredators, coupled with the reduced
earch area for carrion due to the sparse distribution of forested habitat, likely were responsible for the rapid discovery and high
evel of carcass removal by vertebrates compared to previous investigations. Our data suggest that in agricultural landscapes, the
ompetitive balance for carrion can differ substantially from that found in more pristine habitats. Moreover, the monopolization
f carrion resources by abundant mesopredators may have negative consequences for other species that use carrion.

usammenfassung

Die Rolle von Aas in Nahrungsnetzen wird von komplexen Konkurrenzbeziehungen zwischen einer Vielzahl von Taxa bes-
immt. Obwohl bekannt ist, dass diese Konkurrenz von verschiedenen biotischen und abiotischen Faktoren beeinflusst wird, gibt
s relativ wenige Daten aus stark veränderten Landschaften. Wir untersuchten das Schicksal von Mäusekadavern in einer intensiv

ewirtschafteten Agrarregion in Indiana, USA, und benutzten dafür fernausgelöste Kameras. Wirbeltiere entfernten 234 von 266
88%) Kadavern innerhalb von zwei Wochen nach dem Auslegen. Waschbären (Procyon lotor) und Virginia-Opossums (Didel-
his virginiana) waren die dominanten Aasfresser, und sie entfernten 184 von 197 (93%) Kadavern, bei denen der Aasfresser
dentifiziert werden konnte. Die Lufttemperatur hatte einen Einfluss: Ab etwa 22 ◦C wurden weniger Kadaver weggeräumt.

rhöhte Dichten von Mesoprädatoren, verbunden mit einem durch die spärliche Verteilung der Gehölzhabitate eingeschränkten
uchareal, waren wahrscheinlich dafür verantwortlich, dass die Kadaver verglichen mit früheren Untersuchungen schnell
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ntdeckt und zu einem hohen Prozentsatz von Wirbeltieren entfernt wurden. Unsere Daten legen nahe, dass in Agrarlandschaften
as Konkurrenzgleichgewicht der Aasnutzer erheblich von dem in eher ursprünglichen Habitaten abweicht. Darüberhinaus
önnte die Monopolisierung des Aases durch häufige Mesoprädatoren negative Konsequenzen für andere Arten, die Aas nutzen,
aben.
esellschaft für Ökologie. Published by Elsevier GmbH.
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ntroduction

Ecologists often consider the fate of animal carcasses sep-
rately from energy flow between vertebrate consumers via
redation (DeVault, Rhodes, & Shivik 2003). In most food-
eb models, animal carcasses are relegated to the detrital

ubweb, represented only by insects, fungi, and microbial
ecomposers (e.g., Brewer 1994). However, in a review of
2 studies that experimentally examined the fate of animal
arcasses, DeVault et al. (2003) found that, on average, 75%
f animal carcasses were consumed by other vertebrates.
hese vertebrate scavengers included not only those species

ypically thought of as prolific carrion-feeders (e.g., turkey
ultures, Cathartes aura), but also species generally consid-
red to be predominantly predaceous, such as great-horned
wls (Bubo virginianus) and red foxes (Vulpes vulpes). There
s a growing recognition that carrion use by these “facul-
ative scavengers” can have far-reaching consequences on
cological communities.

For example, the location and volume of carrion can influ-
nce the distribution and abundance of predators and their
rey. Several species of avian predators choose foraging or
reeding habitats based, at least in part, on carrion availabil-
ty (Watson, Rae, & Stillman 1992; Marr, Edge, Anthony, &
alburg 1995). Cortés-Avizanda, Selva, Carrete, and Donázar

2009) found that the abundance of common ravens (Corvus
orax), red foxes, and jays (Garrulus glandarius) increased
n the vicinity of ungulate carcasses, whereas the abundance
f common prey species decreased, likely as a result of ele-
ated predation by the facultative scavengers, or avoidance
f them. Furthermore, Cortés-Avizanda, Carrete, Serrano,
nd Donázar (2009) demonstrated that predation on artificial
ests of ground-nesting birds was elevated near carcasses,
resumably because an increased abundance of facultative
cavengers were attracted to the carcasses. These studies
emonstrate that the presence of carrion affects not only scav-
ngers that directly compete for the resource, but also can
nfluence populations at other trophic levels (see also Janzen
976; Rose & Polis 1998; Wilmers, Stahler, Crabtree, Smith,

Getz 2003; Wilmers, Crabtree, Smith, Murphy, & Getz
003; Adams et al. 2010).

Even though vertebrates usually consume the majority of
arrion present in ecosystems (DeVault et al. 2003), insects
nd microbes have evolved effective means of monopo-

izing carrion (Janzen 1977; Burkepile et al. 2006) and
ometimes outcompete vertebrates for available carcasses
DeVault, Brisbin, & Rhodes 2004). Consequently, in most

a
t
o

tation; Procyon lotor; Scavenging

errestrial ecosystems the role of carrion in food webs is
overned by competition between vertebrate scavengers and
ecomposers, and among individuals within those groups.
lthough such competitive interactions are complex, they are
ot random (Selva & Fortuna 2007). These recent studies also
uggest that there likely are emergent properties of carrion-
riven food webs, primarily associated with the efficiency of
nergy transfer back into vertebrate communities. Thus, vari-
nce in the efficiency with which energy is transferred back
nto vertebrate communities, ranging from direct transfer via
cavenging to indirect transfer via the invertebrate commu-
ity, likely is influenced by the interplay of several critical
iotic (e.g., availability of live prey) and abiotic (e.g., air
emperature) factors (Ferrari & Weber 1995; DeVault et al.
004; Selva, Jedrzejewska, Jedrzejewski, & Wajrak 2005;
armenter & MacMahon 2009).
Although our understanding of scavenging ecology has

rown over the past decade, most research in this area
as been conducted in predominately undisturbed habitats
ontaining relatively intact, diverse vertebrate scavenging
ommunities and large expanses of natural habitat, includ-
ng Yellowstone National Park in the USA (Wilmers, Stahler,
t al. 2003; Wilmers, Crabtree, et al. 2003) and Białowieża
rimeval Forest in Poland (Selva et al. 2005; Selva & Fortuna
007). Alternatively, relatively few studies have investigated
he fate of carrion in highly disturbed, human-dominated
abitats, including intensively farmed lands, a major land-use
ype worldwide where vertebrate communities lack diversity
Benton, Vickery, & Wilson 2003) and are dominated by a few
eneralist species (Swihart, Gehring, Kolozsvary, & Nupp
003; Prange & Gehrt 2004).

As such, our goal in this research was to investigate scav-
nging ecology in a highly disturbed agricultural ecosystem.
o achieve this goal we conducted experimental trials to
xplore competition for small carrion items between scav-
ngers and decomposers in the agricultural ecosystem of
orthern Indiana, USA, a highly disturbed portion of the
astern Deciduous Biome that exhibits most of the ecolog-

cal attributes (e.g., low species diversity, extreme habitat
ragmentation, high densities of generalist mesopredators)
onsidered to be typical of agricultural landscapes found
hroughout temperate regions of the world. Our specific
bjectives in this research were to (1) evaluate the use of
mall carcasses by the scavenging community associated with

typical agricultural ecosystem, both in terms of identifying

he dominant scavengers and the influence of air temperature
n the fate of carcasses, and (2) contrast metrics of scavenging
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cology associated with a disturbed agricultural ecosystem
ith those of a relatively undisturbed habitat occurring within

he same biome (DeVault & Rhodes 2002; DeVault et al.
004) to assess whether described patterns of carcass use that
ave been documented previously remain despite widespread
uman disturbances.

The removal of carcasses by vertebrates is considered an
cosystem service (Sekercioglu 2006), and intact, diverse
abitats generally provide ecosystem services more effi-
iently than disturbed or highly altered habitats (Perfecto
t al. 2004; Sekercioglu 2010). As such, our a priori expec-
ation was that the efficiency of the scavenging community
ithin the agricultural ecosystem would be directly affected
y the low species diversity of that environment, resulting
n a lower level of carcass use by vertebrates compared to
hat found in more natural habitats. We also anticipated that
emperature-mediated patterns of scavenging that have been
bserved previously for carcasses (i.e., increased carcass
ecomposition at higher temperatures; DeVault et al. 2004)
ould be more pronounced in the agricultural ecosystem than

n the relatively undisturbed environment, primarily due to
he lack of diversity in facultative scavengers in the former
nvironment and the anticipated increase in decomposition
y insects and microbes.

aterials and methods

The Upper Wabash River Basin (UWB) is located in
orthern Indiana, USA, and encompasses 1165 km2. Approx-
mately 71% of the UWB is cultivated in agricultural
roduction yearly with corn (Zea mays) and soybeans
Glycine max) comprising the primary crops (Beasley,
eVault, & Rhodes 2007). Only 13% of the UWB is

orested, compared to 19% statewide (Moore & Swihart
005). Remaining forest patches are highly fragmented: 75%
f forest patches were <5 ha, 50% were <2 ha, and 1% of
atches were >100 ha (Moore & Swihart 2005). Raccoons
Procyon lotor) and Virginia opossums (Didelphis virgini-
na) are the most abundant mesopredators in the landscape;
heir presence is ubiquitous across the study area (Beasley &
hodes 2008; Smyser, Beasley, Olson, & Rhodes 2010).
We utilized 13 forest patches for our experiments, selected

o represent the variance in patch size and patch isolation
resent in the UWB (Moore & Swihart 2005; Beasley &
hodes 2008). We placed one mouse (Mus musculus) car-
ass in each of the 13 woodlots bi-weekly from 16 June
007 through 24 May 2008 such that there were 25 two-
eek rounds in each of the 13 woodlots over a calendar year

one round in December 2007 was omitted due to heavy
now). Dark brown mouse carcasses were obtained frozen
rom a pet-food supplier (MiceDirect, Cleveland, GA, USA)

nd were of similar mass (mean = 18.4 g; SE = 0.03 g) to the
hite-footed mouse (Peromyscus leucopus), the native mouse

ommon in our study area (mean mass = 17.9 g; SE = 0.16 g;
agan 2009). The average density of white-footed mice in

t
2
R
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WB woodlots is 23 mice/ha (Eagan 2009), and they likely
erve as a common source of carrion there (DeVault et al.
003). Carcasses were placed randomly within woodlots each
ound to reduce the potential for site habituation by individual
cavengers (DeVault et al. 2004).

The fates of mouse carcasses were monitored using Stealth
am remote cameras (model STC-WD1; Stealth Cam LLC,
rand Prairie, TX, USA). The cameras were modified to

apture images upon activation of a pressure-sensitive trig-
er mechanism upon which a mouse carcass was placed. A
etailed description of the trigger mechanism can be found in
eVault et al. (2004). We attached cameras to tree trunks so

hat they faced downward at 45◦ and were suspended 1.3 m
bove the ground. Mouse carcasses were thawed to ∼21 ◦C
nd placed approximately 2 m from the camera on trigger
echanisms embedded flush with the ground. Cameras were

rogrammed to capture a series of three images per trigger
ctivation.

We used camera images to categorize the fates of mouse
arcasses as (1) scavenged – the first scavenger to remove the
arcass from the trigger was recorded; (2) unknown scavenger
the carcass was removed before advanced decomposition,

ut a scavenger could not be identified from the images; (3)
ot scavenged – the carcass was still present on the trigger
echanism at the end of 2-weeks or was severely decom-

osed; or (4) non-trial – carcass fate could not be assigned
e.g., mechanical malfunction or human error). We docu-
ented elapsed time from carcass placement to removal using

hotographic time-stamps. Following DeVault et al. (2004),
e use the term “scavenger” for vertebrates, because they can

onsume small carrion items individually. We use the term
decomposer” for insects and microbes, which generally can
onsume only small portions of carcasses individually.

Previous research indicates that ambient air tempera-
ure can influence competition for small carrion items
etween vertebrate scavengers and decomposers (Putman
983; DeVault & Rhodes 2002; DeVault et al. 2004). We
sed a second-order polynomial regression (Statistix 2008)
o model the effect of ambient air temperature on the num-
er of carcasses removed by vertebrates per round. Further,
ollowing temperature groupings in DeVault et al. (2004),
e divided the 25 rounds into “cool-weather” (n = 20; mean

ir temperature during the first week of the round ranged
rom 0.1 to 21.4 ◦C) and “warm-weather” rounds (n = 5;
2.4–27.0 ◦C). This grouping allowed us to visualize the
ffect of ambient air temperature on the temporal patterns
f carcass removal by vertebrates, and to compare our results
o those of DeVault et al. (2004).

esults
We censored 59 trials (carcasses) from analyses due to
heir classification as “non-trial”. In the remaining 266 trials,
34 carcasses (88%) were removed by vertebrates (Table 1).
accoons and Virginia opossums were the predominant scav-
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Table 1. Numbers of brown-furred house mice (Mus musculus)
removed by vertebrate scavengers, as identified by remote cameras
in woodlots in Indiana, USA. Three hundred twenty-five mouse
carcasses (13 per each of 25 rounds) were monitored over one year;
59 trials (carcasses) were removed from analyses due to camera
malfunction.

Class Species Number removed

Mammalia Raccoon 105
Virginia opossum 79
White-footed mouse 4
Long-tailed weasel 2
Domestic cat 2
Fox squirrel 1
White-tailed deer 1
Striped skunk 1

Aves Blue jay 2
Unknown 37
Total 234

Scientific names are as follows: raccoon, Procyon lotor; Virginia opossum,
Didelphis virginiana; white-footed mouse, Peromyscus leucopus; long-tailed
weasel, Mustela frenata; Domestic cat, Felis catus; fox squirrel, Sciurus
niger; white-tailed deer, Odocoileus virginianus; striped skunk, Mephitis
m
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Fig. 1. Percentage of carcasses removed by vertebrates per round
in relation to the mean ambient air temperature during the first
week of the round. There were 25 two-week rounds, during which
13 carcasses were placed randomly in woodlots (one carcass per
w

t
C
2
b
(
r
&
to the high levels of scavenging efficiency we observed, as
abundances of these species in the UWB greatly exceed those
of populations occurring in less disturbed landscapes. For

Fig. 2. Temporal trend in carcass removal by vertebrates during
warm weather rounds (n = 5) and cool weather rounds (n = 20). Each
circle represents a scavenging event. Warm-weather rounds (solid
circles) are those for which the mean air temperature during the first
week of the two-week round was 22.4–27.0 ◦C; during cool-weather
rounds (open circles), the mean air temperature during the first week
ephitis; blue jay, Cyanocitta cristata.

ngers, removing 184 of 197 (93%) carcasses for which a
cavenger could be identified (37 carcasses were assigned a
ate of “unknown scavenger”; Table 1). The 50 scavenged car-
asses not removed by raccoons or Virginia opossums were
ttributed to at least 7 other vertebrate species (Table 1). We
ere able to determine the time of day of carcass removal for

ll 197 of the carcasses classified as “scavenged”; of these,
83 (93%) were removed at night (between 1800 and 0600 h).

Ambient air temperature influenced the probability of car-
ass removal by vertebrates only at higher temperatures,
ith fewer carcasses removed by vertebrates as temperatures

ncreased over ∼22 ◦C (Fig. 1). Vertebrates removed 31 of
9 carcasses (63%) during the five warm-weather rounds,
nd 203 of 217 (94%) during the 20 cool-weather rounds.
cross all temperatures, the mean time to removal was
.25 (SE = 0.17) days. Temporal trends for carcass removal
etween warm- and cool-weather rounds were similar until
pproximately 2.5 days after carcass placement (Fig. 2). Dur-
ng warm-weather rounds, only one carcass was scavenged
fter 4 days. Conversely, during cool-weather rounds, car-
asses were removed by vertebrates up to 11.5 days past
arcass placement (Fig. 2).

iscussion

Despite our prediction that the lack of species diversity in
acultative scavengers would result in decreased scavenging

fficiency, the overwhelming majority of mouse carcasses
88%) experimentally placed in our study area was removed
y vertebrates. This high level of scavenging efficiency con-

o
s
s

oodlot).

rasts with previous work in large, contiguous forests in South
arolina, USA (30% for mice across one year, DeVault et al.
004; 67% for mice during winter, DeVault & Rhodes 2002),
ut falls within the range of values reported for vertebrates
DeVault et al. 2003). It is likely that elevated densities of
accoons and Virginia opossums in our study area (Beasley

Rhodes 2008; Smyser et al. 2010) contributed extensively
f the round was 0.1–21.4 ◦C (DeVault et al. 2004). Thirty-seven
cavenged carcasses were omitted from this analysis because a time
tamp was not available on the camera images.



2 Applied

e
r
m
o
o
1
m
o
B

d
&
a
t
c
s
o
g
a
s
c
c
o
C
s
h
p
r
s
d
h
w

d
(
C
6
t
S
s
f
I
r
2
r
m
c
f
e
u
(
p
b
d
C
t

a
s
d
t
c
e
w
d
i
r
a
&
s
t
i
s

e
c
e
o
&
i
(
s
t
a
w
l
p
c
p

p
C
2
r
h
i
p
(
t
e
p
c
w
d
e
o
c
p
i

72 T.L. DeVault et al. / Basic and

xample, patch-specific raccoon densities in the UWB can
each 38 adult raccoons/km2 during spring (JCB, unpublished
anuscript). The high level of habitat fragmentation within

ur study landscape undoubtedly contributed to the efficiency
f vertebrate scavengers in our study. Within the UWB, only
3% of the landscape was forested, concentrating the move-
ents of most terrestrial vertebrates within a small fraction

f the overall land area (Beasley, DeVault, & Rhodes 2007;
easley & Rhodes 2010).
Although air temperature has been identified as a key pre-

ictor of scavenging efficiency in earlier studies (DeVault
Rhodes 2002; DeVault et al. 2004; Selva et al. 2005), it

ppeared to be less important in this fragmented agricul-
ural ecosystem, probably because a substantial number of
arcasses were consumed by raccoons and Virginia opos-
ums before they decomposed. However, the reduced number
f carcasses removed by vertebrates during summer sug-
ests that air temperature influenced the fate of carcasses
t least marginally. It should be noted, however, that during
ummer in the UWB, natural food items eaten by rac-
oon increase in abundance and this species forages for
orn in agricultural fields to a greater degree than during
ther seasons (Beasley, DeVault, Retamosa, & Rhodes 2007).
onsequently, it is not completely clear whether the lower

cavenging efficiency observed during summer was due to
igher temperatures and increased competition with decom-
osers for carcasses, or the availability of plentiful alternative
esources during that season. We also acknowledge the pos-
ibility that reduced activity by endothermic scavengers
uring high temperatures (Speakman & Król 2010) could
ave contributed to lower scavenging efficiency during warm
eather.
The temporal pattern of carcass removal by vertebrates

iffered considerably from that observed by DeVault et al.
2004) in the more continuously forested landscape of South
arolina. At two days past carcass placement approximately
0% and 76% fewer carcasses had been removed by ver-
ebrates during cool-weather and warm-weather rounds in
outh Carolina, respectively (Fig. 2; weather groupings were
imilar between the two studies), indicating that in the highly
ragmented agricultural ecosystem we studied in northern
ndiana, vertebrates discovered and removed carcasses more
apidly than was observed in the earlier study (DeVault et al.
004). Moreover, in South Carolina no mouse carcasses were
emoved by vertebrates after two days past carcass place-
ent during warm weather (suggesting that all carcasses were

ompletely decomposed or made unsuitable by microbes
or vertebrate consumption by that time), whereas in north-
rn Indiana mouse carcasses were removed consistently
ntil four days past carcass placement during warm weather
Fig. 2). Even though we did not directly study decomposition
rocesses, this longer period of carrion foraging by verte-

rates in the current study suggests that carcasses probably
ecomposed more slowly in northern Indiana than in South
arolina during warm weather (DeVault et al. 2004). Both of

hese factors – more rapid discovery and removal of carcasses

o
t
e
a
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nd slower decomposition – likely led to the greater level of
cavenging efficiency observed in the current study. Elevated
ensities of raccoons and Virginia opossums, coupled with
he reduced search areas in which these species had to find
arcasses, likely were responsible for the more rapid discov-
ry and removal of carcasses in the agricultural ecosystem
e investigated. Although the factors responsible for slower
ecomposition evident in the current study are unknown, it
s possible that differences in insect communities played a
ole. For example, imported fire ants (Solenopsis invicta) are
bsent in Indiana and common in South Carolina (Callcott

Collins 1996). Because insects are generally able to con-
ume small carcasses before microbes are able to monopolize
hem (DeVault et al. 2004), we suspect that insects were more
mportant to the decomposition process than microbes in our
tudy.

The relatively low diversity of scavengers we recorded was
xpected given the species-poor nature of most vertebrate
ommunities found in intensively farmed landscapes (Benton
t al. 2003; Swihart et al. 2003). Mesopredators, however,
ften thrive in fragmented, human-altered landscapes (Oehler

Litvaitis 1996), due to the loss of top predators (reviewed
n Ritchie & Johnson 2009) or increases in food availability
Litvaitis & Villafuerte 1996; Prange & Gehrt 2004). Even
o, despite the abundance of mesopredators in our study area,
he near lack of birds (one species removed two carcasses)
nd complete lack of snakes observed scavenging was some-
hat surprising. It is clear that in human-altered, agricultural

andscapes, where species diversity is often limited and meso-
redators are abundant, the competitive balance for small
arrion items can differ substantially from that found in more
ristine habitats.

The various ecological implications of elevated meso-
redator abundance have been discussed extensively (e.g.,
rooks & Soulé 1999; Prugh et al. 2009; Ritchie & Johnson
009). However, the monopolization of carrion resources by
accoons and other mesopredators in agricultural landscapes
as escaped notice, and likely represents another example of
ndirect negative impacts of human land-use on ecological
rocesses. Our results, combined with our previous studies
DeVault & Rhodes 2002; DeVault et al. 2004), demonstrate
hat mesopredators, and raccoons in particular, are extremely
ffective scavengers of small carrion items. Furthermore, our
rediction that the efficiency of the vertebrate scavenging
ommunity within our highly altered agricultural study area
ould be lower than that found in the more pristine and
iverse environment in South Carolina studied by DeVault
t al. (2004) was negated primarily by the unmatched ability
f raccoons and Virginia opossums to find and consume small
arcasses. Thus, our results may reflect aspects of the “sam-
ling effect” (Huston 1997; Wardle 1999), which asserts that
t is not elevated diversity per se that increases the efficiency

f some ecosystem services, but rather the greater probability
hat more diverse ecosystems will contain at least one highly
fficient species. In our case, even though our highly altered
gricultural study area had relatively low vertebrate diversity,
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t harboured two extremely effective vertebrate scavenger
pecies in high numbers.

The abundance of raccoons and other common meso-
redators over much of their range (Prugh et al. 2009) may
ave negative consequences for other species that use car-
ion resources. For example, an inverse relationship has
een demonstrated between the abundance and diversity of
urying beetles (Nicrophorus spp.) and the level of forest
ragmentation (Gibbs & Stanton 2001). Nicrophorus beetles
re obligate carrion breeders that rely completely on small
arcasses (4–100 g) for reproduction (Scott 1998). The Amer-
can burying beetle (N. americanus) was placed on the USA
ederal endangered species list in 1989, and although the fac-
ors responsible for its decline are not completely understood,
ikes and Raithel (2002) cited competition with vertebrates
or small carcasses as one of the most likely contributors. It
s possible that the extraordinary ecological success of rac-
oons and other mesopredators in highly altered landscapes
and their ability to monopolize carrion resources – has

ontributed to the decline of the American burying beetle.
he relationship between mesopredator abundance and con-
ervation status of the American burying beetle should be
xamined more closely. Many other organisms that use car-
ion, either as a principal food resource or as a buffer when
rimary prey populations decline (DeVault et al. 2003), also
ay be adversely affected in this way.
Our study has confirmed that human-induced changes to

ertebrate communities can significantly influence the scav-
nging ecology of organisms within agricultural ecosystems.
iven the intensification of agricultural land worldwide, our
ndings may have important implications for understanding
ow changes in land-use practices can affect species interac-
ions in disturbed ecosystems.
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